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摘  要 
I 
 




Nur77 能够被多种细胞生长因子以及凋亡诱导因子迅速诱导表达，同时 Nur77 的
蛋白修饰也显著影响 Nur77 的功能。不仅如此，Nur77 还能够通过与其他蛋白的
相互作用来调控生物功能的改变。另一个重要的方面是 Nur77 的非基因型作用，




体 RAR是否参与 CD437 的凋亡诱导通路仍然存在争议。本研究发现 CD437 可
以通过激活 JNK 信号通路诱导肝癌细胞的凋亡。阻断 JNK 信号通路能够抑制
CD437 的凋亡诱导功能。同时 CD437 诱导 JNK 介导的凋亡进程依赖于 Nur77 的
表达。进一步的研究表明抑制 RAR的表达可以削弱 CD437 诱导肿瘤细胞凋亡效
应，而过表达 RAR则可以增强 CD437 的凋亡诱导功能，主要原因在于 RAR能
够稳定 Nur77 的蛋白表达水平。进一步的分子机制研究发现 RAR可以通过抑制
Nur77 的泛素化降解进而稳定其蛋白表达水平，增强 CD437 诱导的 Nur77 非基
因型功能。令人感兴趣的是 RAR可以与 Nur77 直接相互作用，并且这种相互作
用可以被 CD437 所增强。深入分析发现，尽管 CD437 诱导 Nur77 的表达不依赖
于 JNK信号通路的介导，但 JNK 的激活对于CD437 诱导Nur77出核转位线粒体，
引发 Nur77 线粒体经典凋亡通路，是至关重要的。综上所述，本课题深入研究了
CD437 诱导肝癌细胞凋亡的分子机制：视黄酸受体 RAR抑制 Nur77 的泛素化降
解进而稳定其蛋白表达水平，参与 CD437 诱导的肝癌细胞凋亡进程，本研究为















摘  要 
 II 
Nur77 在肿瘤发展过程中发挥促增殖、促凋亡的双重作用。基于 Nur77 作为新颖
的抗癌药物靶点，寻找其潜在调控分子具有重大的意义。在本研究中，我们筛选
了一系列化合物，发现 GH-10 和 GC-12 在抑制乳腺癌细胞增殖、促进凋亡方面
表现出显著的作用。不仅如此，两个化合物还能够显著抑制乳腺癌细胞的迁移和
侵袭。有意思的是，我们还发现，GH-10 和 GC-12 促进凋亡功能的发挥依赖于
Nur77 的表达，干扰 Nur77 的表达能够显著抑制 GH-10 和 GC-12 的凋亡诱导功
能，同时 GH-10 和 GC-12 能够浓度依赖性地抑制 AKT 活性，并抑制其下游功能
分子的表达以及促进线粒体凋亡途径的发生，而且 GH-10 和 GC-12 诱导线粒体
途径的凋亡是通过抑制 AKT 的活化来实现的。综上所述，我们发现了两个化合
物能够通过靶向 Nur77 抑制乳腺癌增殖、迁移侵袭，并促进凋亡的发生，而且能



















Nur77（also named TR3、NR4A1、NAK-1、NGGI-B）is an orphan nuclear 
receptor, it is encoded by the early gene and involved in the multiple signaling 
pathways, including the cellular stress response. Nur77 is involved in the biological 
process including cell proliferation、differentiation、apoptosis、autophagy、migration、
metabolism and inflammation. Cell growth factors and apoptosis-inducing factor 
significantly induce the expression of Nur77. Not only that, Nur77 interact with other 
protein to regulate the biological function. The other important is the non-genomic 
function of Nur77, many factors induce apoptosis by affecting the subcellular 
localization of Nur77. After all, Nur77 plays a wide variety of biological function by 
complex regulatory network. 
CD437 was developed as a RAR-selective agonist, which has been 
demonstrated to effectively inhibit the growth of a variety of cancer cell lines. 
However, the involvement of RAR in the apoptotic signaling of CD437 remains 
debate. We report here that a CD437 could effectively induce apoptosis of cancer cells 
through its activation of Jun N-terminal kinase (JNK). Apoptosis induction by CD437 
in cancer cells was suppressed by chemical inhibitors of JNK. CD437 induces 
JNK-mediated apoptosis in a manner dependent on Nur77 expression. Further 
investigation showed that inhibition of the expression of RAR abated the death effect 
of CD437, and overexpression of RAR could enhance the apoptotic effect of CD437 
due to stabilizing the expression of Nur77. Further research has shown that RAR 
antagonizes the degradation of Nur77 through inhibiting its ubiquitination and directly 
interacts with Nur77, which was enhanced by CD437. Molecular analysis 
demonstrated that even though CD437 induces Nur77 expression independent on JNK, 
the activation of JNK by CD437 is important for its induction of Nur77 nuclear export 
and mitochondrial localization, a known apoptotic event in cancer cells. Together, our 
results revealed a molecular mechanism for controlling the apoptotic effect of CD437, 
in that RAR signaling antagonizes the degradation of Nur77, favoring its 
stabilization to induce apoptosis triggered by CD437. 















breast cancer, colon, pancreatic cancer and other tumors. Nevertheless, Nur77 has 
been shown to inhibit cell growth and induce apoptosis in multiple of cancer cell 
types. These findings suggest that Nur77 has both a tumor suppressive and 
pro-oncogenic effect in the development of cancer. Given that Nur77 is an excellent 
drug target, identification of its potential ligands will be of therapeutic significance. In 
this study, we screened a series of compounds to discover drug targeting Nur77. 
Interestingly, GH-10 and GC-12 has shown great impact on growth inhibition and cell 
cycle arrest in cancer cells. Furthermore, the two compounds showed great effect on 
induction of apoptosis, also greatly influenced the migration and invasion in MCF-7. 
Interestingly, GH-10 and GC-12 could inhibit the expression of Nur77 in dose 
dependent way and the apoptotic effect is dependent on the Nur77 expression. Further 
study of molecular mechanism, GH-10 and GC-12 induce Bax activation and 
apoptosis through inhibiting AKT activity. Therefore, our findings demonstrate that 
the compounds, GH-10 and GC-12 have great inhibition of proliferation, migration 
and invasion, also significantly induce apoptosis, cell cycle arrest and inactivate AKT 
pathway in MCF-7, suggesting GH-10 and GC-12 as a promising lead for breast 
cancer therapy. 
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RAR retinoic acid receptor 视黄酸受体 
RXR retinoid X receptor 视黄素 X 受体 
DMSO Dimethyl Sulphoxide 二甲基亚砜 
MMP-9 matrix metalloprotein 9 基质金属蛋白酶 9 
MMP-2 matrix metalloprotein 2 基质金属蛋白酶 2 
EMT Epithelial-mesenchymal transition 上皮间质转化 
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TR thyroid hormone receptor 甲状腺激素受体 
VEGF vascular endothelial growth factor 血管内皮生长因子 
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RARγ Retinoic Acid Receptor gamma 视黄酸受体 γ 














第一章 孤儿核受体 Nur77 概述 
 1 










其配体至今仍未被发现，因此称之为孤儿核受体包括 Nur77、Nurr1、Nor1 等(4, 5)。 
 
表 1.1 核受体的命名及其相应的配体# 
名称 专业术语 配体 
TRα NR1A1 甲状腺激素 
 
 
TRβ  NR1A2 甲状腺激素 
RARα  NR1B1 视黄酸 
RARβ NR1B2 视黄酸 
RARγ  NR1B3 视黄酸 
PPARα NR1C1 脂肪酸，苯氧酸 
PPARβ  NR1C2 脂肪酸 
PPARγ NR1C3 脂肪酸，前列腺素 J2 
Rev-erbα NR1D1 孤儿受体 
Rev-erbβ NR1D2 孤儿受体 
RORα NR1F1 胆固醇，硫酸胆淄烯 
RORβ  NR1F2 视黄酸 
RORγ NR1F3 孤儿受体 
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